There has been an accelerated rate of mortality and morbidity stemming from various chronic diseases worldwide over recent years. Anticoagulants play a pivotal role as agents for the prevention and treatment of thromboembolic disorder. Glycosaminoglycans (GAGs) are linear polysaccharides found in the extracellular matrix and biological fluids of animals where they interact with hundreds of proteins and perform a variety of critical roles. The present study reports the isolation and characterization of glycosaminoglycans from marine polychaete (Nereis sp). The isolated glycosaminoglycans were quantified as 12 g/kg and 0.83 mg/kg from the crude and purified samples respectively. Polychaete showed the anticoagulant activity of the 58 USP units/mg from crude; whereas purified samples showed 114 USP units/mg. The structural characterization of anticoagulant GAG was carried out by Fourier Transform Infrared spectroscopy (FTIR) by comparing with that of the standard GAG. The results of this study could pave the way for further research and exploration of GAGs from marine polychaetes in particular Nereis sp. as an alternative source of heparin. potential of marine polychaete (Nereis species). J Biol Sci Opin 2013; 1(4): 337-340 http://dx.
INTRODUCTION
An anticoagulant is a substance that prevents coagulation; that is, it stops blood from clotting 1 . There has been an accelerated rate of mortality and morbidity stemming from various chronic diseases worldwide over recent years. In view of this, the contribution of vascular coagulopathies to the alarming number of deaths yearly cannot be overlooked because thrombosis was identified as one of the leading causes of myocardial infarction, stroke and pulmonary embolism 2 . Hence, anticoagulants play a pivotal role as agents for the prevention and treatment of thromboembolic disorder 3, 4 . For more than five decades, anticoagulant drugs consisting of heparins, vitamin K-antagonists, and their derivatives have been the major players in the clinical setting. Although their efficacy remains undisputed, the deleterious life-threatening side effects of these drugs have also been well documented 5, 6 . At present, lavish focus is being given to potent anticoagulant sources hailing from natural origin. In this regard, marine organisms could be of immense interest as they are living in a very exigent, competitive and aggressive surrounding different in many facets from the terrestrial environment, a situation that demands the production of quite unique and potent active molecules 7 . Heparin is a compound that has been widely used as an anticoagulant and antithrombotic agent for more than 50 years. This drug is also employed during extracorporeal circulation 8 . However, several adverse effects of heparin have been identified, such as the development of thrombocytopenia, hemorrhage and low platelet count 9 . Thus, new compounds with similar properties to heparin are needed, and the sulfated polysaccharides of marine resources, which have important anticoagulant and anti-thrombotic actions, are an attractive alternative 10 . There are five classes of animal Glycosaminoglycans (GAGs): heparan sulfate (HS), chondroitin sulfate (CS), dermatan sulfate (DS), keratan sulfate (KS), and hyaluronan (HA). Many biological functions can be monitored directly by their impact on GAG quantity. Heparin has been used for anticoagulant therapy for many years. Its anticoagulant effect appears to be mediated mainly through antithrombin III (AT III), which is a plasma protein and the main coagulation inhibiter in the blood. AT III, or heparin cofactor, as it is also called, inhibits thrombin and the activated forms of the coagulation factors IX, X, XI and XII. In the absence of heparin the inhibition reactions are slow, but the addition of heparin strongly accelerates them. Several models have been proposed to explain the effect of heparin on the inhibition of thrombin by ATIII. Heparin is known to bind to ATIII; one widely accepted model assumes that heparins forms a complex with AT III and transforms it into a more rapidly acting inhibitor 11 . However heparin and heparin-like substances are not found only in higher life forms. It is factual that the importance of marine organisms as a source of novel bioactive compounds is an emergent discipline, and it has been classified as the leading remaining reservoir of natural molecules to be evaluated for drug activity. Over three decades ago, it was appreciated that a variety of tissues from marine life also contain heparin-like substances with high anticoagulant activity. Since these initial observations, numerous reports have appeared demonstrating that heparin and heparin-like substances are also present in tissues from a variety of molluscs/clams, in blood, muscle and viscera of many species of fish 12 . Polychaetes play an important role in the functioning of benthic communities 13 . They have been shown to be good indicators of species richness and community patterns in benthic invertebrate assemblages 14 . Polychaetes have been proposed as surrogates for marine biodiversity 15 . They have been extensively studied for their ecology, taxonomy, bioindicator, aquaculture, and pharmacological potential [16] [17] [18] [19] [20] . However no attempt has been made to explore the anticoagulant properties of marine polychaetes. Therefore, the present study was executed with the objective to isolate and enumerate the anticoagulant potential of polychaetes.
MATERIALS AND METHODS Sample collection
Polychaetes (Nereis species) were procured from Sona hatchery, Marakkanam, Pondicherry, Tamil Nadu, India and washed thoroughly with distilled water to remove the unsolicited sediment particles.
Isolation of glycosaminoglycans (GAGs)
Tissue samples were blended in 0.4 M sodium sulfate solution (Na 2 SO 4 ; 3.5 l/kg of the tissue) and kept at 55 o c for 90 minutes. The pH was adjusted to 11.5 by adding 10 % sodium hydroxide (NaOH) solution. Aluminium sulfate (Al 2 (SO 4 ) 2 ) crystals (80 mg/kg tissues) were added to this solution, and the suspension was heated to 95 o C for 1 h. Cetyl pyridinum chloride (CPC) solution (3 g/100 ml of 0.8 M NaCl) was used to precipitate the crude white heparin complex. The precipitate was re dissolved in 150 ml of sodium chloride solution (2.0 M) and was incubated at 30 o c for 30 minutes. The precipitate was washed, with ethanol and methanol through centrifugation, and vacuum dried.
Purification of GAGs
GAGs were purified on a 5 × 90 cm column of Sephadex G-100 (Sigma). The elution rate was approximately 60 ml/h and 15 ml fractions were collected. The active fractions were pooled and extensively dialyzed against distilled water and freeze dried 21 .
Anticoagulant activity
The anticoagulant activities of crude and purified heparin samples were determined by comparing with the concentration necessary to prevent the clotting of sheep plasma using USP (United State Pharmacopoeia) method.
FTIR -(Fourier Transform Infra-Red spectrum analysis)
The crude and purified GAG samples were pelleted and compressed to prepare a salt disc (10 mm diameter) with potassium bromide (KBr) in the ratio of 1:10, and subjected for FTIR spectroscopic measurement (Nicolet IS5, Thermo Scientific). The wavenumber ranged from 450-2500 cm −1 with the resolution of 4 cm -1 and were analyzed by subtracting the spectrum of pure KBr. 
RESULTS

Estimation of GAGs
The amount of crude GAG was estimated as 12 g/kg of tissue in Nereis sp. After purification using gel chromatography, the yield was found to be 0.83 mg/kg (Table 1) .
Anticoagulant activity
By United States pharmacopoeia method, the anticoagulant activity of the Nereis sp. crude and purified sample was reported to be 58 USP units/mg and 114 USP units/mg (Table  1) .
Fourier Transform -Infra Red (FTIR) spectral analysis
FT-IR spectrum of GAGs of Nereis sp. was compared with standard heparin sulphate ( Figure 1, 2 and 3 (Figure 2 ).
DISCUSSION
Heparin and heparin like compounds, reported from marine invertebrate has been showed to possess high anticoagulant activity and share most of the structural properties with mammalian heparins 22 . Similarly, heparin has been prepared from a number of different species including humans 23 , clams 24 , shrimp and seaweeds 25 . Heparin and heparin like compounds, which are present in polychaetes, showed high anticoagulant activity and share most of the structural properties with mammalian heparins. Anticoagulants have been reported from leech (one of the class of phylum annelida) 26 . Leech salivary glands produce a more diverse pharmacological cocktail of a wide variety of anticoagulants 27, 28 that not only assist in phlebotomy by keeping blood flowing in and around an incision wound but that also keep the blood from coagulating inside the leech crop during the long periods of digestion 29 . Homogenization of a 1 kg portion of whole Nereis sp. in acetone and subsequent extraction in acetone/petroleum ether resulted in 250 g of defatted tissue. The heparin obtained from defatted polychaete tissue showed similar features with that of heparin. Heparin has been extracted from a number of marine organism's including 23 , clams 30, 31 and seaweeds. Extraction of the defatted soft body tissue of the giant African snail and subsequent purification of its GAGs showed that this tissue contained a large amount of GAG and free from impurities 32 . The use of CPC for quantitative separation of sulphated polysaccharides in tissue extracts has been preferred by most of the researchers' 33 . In the present investigation, the yield of crude and purified GAGs was found as 12 g/kg and 0.83 g/kg in Nereis species. Arumugam et al. 34 , had quantified the heparin yield as 2.27 g/kg and 2.2 g/kg from Tridacna maxima and Perna viridis respectively. Matsubara et al. 35 reported an anticoagulant isolated from the green alga Codium cylindricum on thrombin activity in the absence of anti thrombin III and heparin cofactor II using chromogenic substrate. The result of the present study clearly showed average yield of heparin and heparin-like glycoasaminoglycans compared to existing reports. The heparin isolated from marine organisms (clams and mussels) has been reported to possess identical structural features and anticoagulant activity with that of mammalian polysaccharide 30 . The biological activity of heparins in invertebrates remains enigmatic. The anticoagulant activity of the crude and purified sample of GAG from the whole body tissue of Nereis sp. was reported as 58 USP units/mg and 114 USP units/mg. This variation might be due to the presence of non-anticoagulant substance in the samples since the activity of heparin depends upon the amount of impurity carried over in the isolated products. In the case of heparin, the structural characterization and their properties depend on the concentrations uronic acid and sulfate. Hence, their biological activities vary with concentrations. Also, the anticoagulant activity of heparin differs from species to species due to their in iteration with enzymes and inhibitors of the coagulation system 36 . The polychaete GAGs were found to be structurally similar to the standard heparin as assessed by the FT-IR spectra. In the present study, the anticoagulant GAGs from whole body tissue of Nereis sp. crude and purified sample showed a major peaks at 3437. 15, 1639.49, 1251.8, 1197 .79, 1128.36 and 1078.21 cm -1 which is said to be for the GAGs groups. The acetyl amino group was represented by a band at 1474.78 cm -1 and the carboxylic group at 1552.66 cm -1 . This was also well supported by the study of Rivera et al. 37 who also claimed that the characterization of traces of contaminants in crude heparin by conventional physicochemical techniques such as size-exclusion or ion-exchange chromatography is relatively difficult. The peak pattern between the standard heparin and the sample was at 3433.29, 1639.49 cm -1 and 3437.15, 1639.49 cm -1 indicating the presence of GAGs group in the samples analyzed. The FT-IR spectral analysis of the anticoagulant GAGs from Nereis sp. showed more or less same number of peaks, lying within the same range of values of the commercial heparin used as a standard. Thus, the result of the present investigation provides information about the isolation, purification ad characterization of the heparin and heparin like glycoaaminoglycans (heparin and heparin sulfate) compound from marine polychaete.
CONCLUSION
In conclusion, the findings of the study highlighted the pharmacological importance of marine polychaete (Nereis sp.) as a potential source of anticoagulant with characteristics comparable to standard heparin. The isolated glycosaminoglycans were quantified as 12 g/kg and 0.83 mg/kg from the crude and purified samples respectively. Polychaete showed the anticoagulant activity of the 58 USP units/mg from crude; whereas purified samples showed 114 USP units/mg. Further investigations are underway to isolate the bioactive compound(s) responsible for the anticoagulant activity as well as the determination of the coagulation factor(s) affected. This natural source may be a cheaper yet potential alternative anticoagulant agent in the future owing to its abundant availability of raw material and simple extraction methods. The present findings could pave the way for further research and exploration of GAGs from marine polychaetes in particular Nereis sp. as an alternative source of heparin.
